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(57) SdotJ ce procetle ah preparation d'tme dLsperslon 
aqycuse: de pojyiuere, on prepaid de fa^oa conauo en .-^v^i 
une dispersion aqueuss d'aii pi>i>!i5i&-s qui cmfet a.vt 
rnelrsf; w xtK^xsrara-ediuiiiqueEVissnt lie avec ay moins ua 
groups ethyl^taquesittnt -kisature, de que la teaeur 
tetsle <1b la dispersion aqiieuse de poiyaicre ea. 
tnononiercy iil>3:es, c'^ist^jiKlMt noii chinjlquerocnt lieset 
pourvas d'asj isciins une Isatson doitbfc Miyl«jr!i<Hicment 
insatw^iicvsoit sis|?eria)rc aO ct egsle ou iiifld iieuE:ie: & i % 
en poldis, par rappost s Is teneiir en poiyinte de la 
dispfereion a(|ue!ise de ix>ly3U'ere. Cette iciteur residiielie 
cn mimdihiim-ii (si-i siistsite rckksite mi rxKiyen d'xm 
syatMijs Miiat&xc d'oKydorMuction ratlicalaiire qui 
comprend m rttdkis 'm egem oxydant et an oioias ua 
agent rediidexsr, Lcs systejsie iisitistouf d 'oxydoptMuction 
c&stifsnl c«rnnis agimt Rslucteur ini ffies-captatic qui 
ooislienL cn plus du gvoupe msjroapiane, 'AH moins im 



(57) in (his pi-0!X!sH ihr preparing ss aqueous pclvnier 
dispersion, an aiii.:e<>us dispersicnT i^f a polycncr t.i;:jt 
ooKisins al ieasi ojie olseraically boujiti niorsOirjer itavitjg 
at feast one eiJvyleriic^lly unitsikirafcd group is prepaix^ 
in a manner known per se, ho thai fee total conienf of 
fr«5e< i.e. liott clieKacaisy bound, monoraers feat eontait! 
at least one e%ieni:«'.Uy tjnsaturatt^ii doiiy e bond, k the 
thiiK prepared aqueous wlymer dispersion, Hes in & itmgc 
fmm> 0 to < 1 % by Aveight, willt respect to lite polyi-ner 
content of the sqiteous polyrAer dl:fsersit5n, Thif> re.sidtia! 
monomer oontens is then reduced by means of a radical 
redox initiator rivstesij tliat hidtidey at ieasi cm oxidising 
ageiit and at least imm reducing agent The rsjdox iniliatcsr 
systen- CfSJtains as reducing agent s. 'rsercaptasjc with at 
ieaiii one other fiUiCt:tejiat group besjdes ilie tnereapiaise 
group. 



1^1 



!f (dustrie Canada indus^ Canada 




UTTERNAmiNALE Am-IELDUNG VEROl«meifr NACH DEM -^m^^SSIlM 
ffl- ERHA -nONALS ZljgM^ ^'^EKARBE^• AUF DEM OBBJET FAISNTWESE^IS gLl) 



CQ8F W 



M 



(43) MernaSionaJes 



27, Feferear 1997 (27.02.3?) | 



(22) Ssten»tkias1w AjHJ»}<iis«9ftsJS! 29, Mi 1996 {2?,07,9<} 



11. A«gBst 1995 01,08,95) &E 



(71 S AKasBlder 0Sra&g«?e3Js.«iB;!|S,tmf*nas«f«rC/S)! BASFAK- 

im). 

(73) Erfejd jsr, 

SNL'"&£]; Gmmm«g 1 3, P-67iS7 Wachenh*sm (DE). 
(74{ C5«s«eb!swiiey ^srtrete; SA$F AKTEENOESBIXSCHAFT; 



(81) Besthnmaittssiasteiii: AU, BQ, BR, CA, Cfl, C2; OS, HU, 
IL. JP. KR* LV, MX, m HZ. PL> S.O, SO - SG, SE, SK, 
Tli, UA, US, MiasiSeSses Patssns (AM, A2, B Y, KG, K2, 
im, RU, Tj, TM), «si«3pSisches Fat««5t (AT, BB, Ca DE, 
DK, ES. jPt. SR. GB, SR. ffi* IT. tU. MC KL, Fl", SE). 



o (4 b mf 



(S4) Title! FRCXSSS fS^AJtlNG AN A<5l/K)US mVMBR IMSmsION 

to (his proem preossRsg sn aqueous polymer (i>sj«3;dOB, » aqjieews ^f3?«^ irf* peiyniw Stat «»Mn«jsJ^t i»e ch«mSc^^^^ 
t bovsnd m«)cs««r havfeg at iesss ors etiSyfenfaafiy anss&xt^ Is pwipaed te a swm»r Icnewn per se, ks mas fta sotas acsascsss o? 
S ffee, !.e, fiwi efeems«sliy boassd, monomers flMtf coattds at feast o« s&yteiefcalJy wisatBWJed doa«e bodd. sn she te«s pr*pai«l aqowjUB 
I polvroer ^fspsfsiof!, Has is a nenge > 0 » ^ 1 * by wStj^t, wt* rwpect » She polytftsr ecmtsnt of the «|tse«s3s psiymsr dssfwreiOR. 
^ m residasa mcmtaer eonssnl i« to reduced by sseaas of s nuMcal *wl<» IdtiattSir i^fs^m *aJ ladudw at teass cise ossdiss^g a^nt an<s 

\ bessdas the cvercspJane gifWsp- 

i Sin Veif£te«R txx lUnxs&mg einer '»«Srigea PoiymefSsaidispersjofi, be! d«m taiSR: eia« w8&ri»? sbsg Fciysisrisats. 

I wsnlgsK'ss sin wssjigstens siae eJfevtenisch «nge«aa3gie Os^ps aafi»^"^« Mobo«»pm !» cbemlsch gsbtrndsaesr Fs^ esfsiefeaw 
efi&Sit, sst ari skh betenJSf Weke so ctacagt, ^ sSer GesamigeMt iSffir tiSSfeige.D Poiynicriss.tdMi5erskj!! 855 ftcien, dte, 8k3»t ca««!!K:h 

wasrisan PoSs-n^wsat^peKSon, fen Bensich yon > 0 Ws Si Oe»«-* ISj* suwftli^ #aan a4»mK»om«iw^j»aK Efew»to«?g 
esses ws!jsgja«is ess Oxsdatsonsmitsel wA werigsseas ^ SsdiMottSUiftfe! sfflfM!«nde« »dais»lt«*«» RietoUstfS^sraystcw 
wob«i dss Redoxi'njasJorsystJsm sis Redaktionsajktel do ^4etc^qsa» *2«rafit, das Mbeal der Me*cap«anfro|)pe w««igisieB8 etee WKrt«e 
ftmktJOiseSe Otsppe aafweist. 
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Preparation of an aqueous polyjser dispersion 

The ptesent: invsntion relates to a process for th« preparatioii of 
S as aq«©oUS polysner dispersion, in which an sgiseoas dispersion of 
a polfKser which contains at least one xnonomerf having at laast 
one ethyXeaicaily anssturated group, incorporated ixs efeemicaily 
laonded f bxsa is produced in a manner Jcriown per se* so that the to- 
tal conteritf based on the poiystier content of the aqueous polYHser 

10 dispersion, of Monowera which are free, ie. not chemically 
bonded, and have at least one ethylenlcaiiy unsaturated doafcle 
bond C referred to in this publication as residual sRonfimsr ooa- 
tent) is frsffi > 0 to < 1 % by weight, and this residysl ssonosser 
content is then reduced by the action of a free radical redox 

IB initiator systeia comprising at least one oxidizing agersfe and at 
least one reducing agent. 

Aqueous polyrner dispersions are fluid systeiss which contain poly- 
mer particles as a stable disperse phase in an a<iusous dispersing 

2S aiediuia, The diameter of the pdlyKter particles is In general ssain- 
ly frons 0*0 J to 5 uas* frequently isainly frois O.Ol to 1 m> The 
stability of the disperse phase of te« extends over a period of 
> I ssonthf often even over a period of h 3 isonths. Its polysier 
volisjae content is usually from id to 70 % by volume, base<i on the 

IS totsl voiuins of the aqueoais polynter dispersion. 

As in the case of poiysner solutions on evaporation of the sol~ 
vent, aqyeoas polymer dispsrsiona have the property of forising 
polytaer films oh evaporation of the aqueous dispersing saedlttai, 
30 and aqneotis polymer dispersions are therefore widely ussd as 
binderSf for example for surface coating isaterialft or materiais 
for coating leather. 

In principle, a person skilled in the art classifies aqueous 
35 polymer dispersions as aqueous secondary dispersions and aqtseotjs 
primry dispersions * The aqueous aeedndary dxapersions are those 

in the prsparation of which the polymer is produced outside the 
aqueoxss dispersing medium, for exassple in solution in a suitable 
nanaqneous solvent. This solution is then transferred to the 

40 aoueous dispersing asedium and the solvent is separated off, as « 
rule by distillation, with dispersing. In contrast, aqueous pri- 
!s?sry dispersions are those in which the poljmer is produced di- 
rectly ss the disperse phase in the aqueous dispersing ssediim it- 
self. 1?he corwftoh feature of all preparation processes is sssen- 

45 tially that moncmers which ha%'e at least one ethylenically unsat- 
urated group are conco«titahtly used for the synthesis of the 



2 

polysner, oz that said syntbesis is effected exclusively £r€m such 

Such fflonoffisrs having at least one ethylenic*liy w«saturafeed group 
5 are usustlly inebrporated by initiated polymeriaation rsactiors, 
the typ© of initiation tjsed being determined in particalsr by th© 
desired parformaitcB cfear&ctaristlcs of the end product and tijere- 
fors being adapted to these. For examplg!* ionic or fr«« radical 
initiation is suitable. However, the incGrporatioa avay sis© be 

10 effected by catalytically initiated poiysner-anaiogo^s rssctlosj. 
Free radical Imitiation is particularly fre<pientiy nmd, and 
hence the om more iBononsers having at least one ethyl©nically 
isnsaturafced group are incorporated as a rule by the free radical 
aquecus essalsion polywiarissation Btethod in the case of a^jueous 

IS primary dispersions and as a rule by the free radical SClwtion 
pplyissrisation method in the case of aqyeoas secondary disper- 
sions. 

Since, taking into account the periods required for this purpose^ 
20 it is as a rule not practical to strive for a coaiplete conversion 
with ref&rd to the incorporation of the one or store inonfaasrs hay- 
ing at least one ethylenically unsaturated group, maintaining the 
act«al polysserixation reaction conditions detennining the desired 
properties (for example stolecular weighty jsoiecuXar weight dis- 
ss tribiition* degree of branching, etc,} of the end product* the 
aijueous polyxaer diaperaions resulting after the end of this snaln 
polysterisation reaction usually contain free asonomers which are 
not chemicaliy bonded in the dispersed polyjaer and have &t least 
one ethylenically unsaturated double bond, Ovihg to the increased 
iO reactivity of the ethyienically unsaturated double bond, such re- 
sidual s^dnomers, eg, acryionitrile and vinyl acetate, are not 
tojcicologically completely safe and are therefore undesirable 
from both the manuf actuirer *s and the consumer's jE»dint of view. 

3S A very wide range of methods are already available for reducing 
the reeidual monojaer content of aqueous palyiser dispersions. 

JEP-A 5S4 458 discloses the reduction of the residual ®sosis®er 
content of aqueous polysaer dispersions by stripping by ataans of 
40 steam. EP~8 32? 006 reccstsRends the use of conventional 
distillation. 

These processes are disadvantageous in that, although th«y are 
capable of reducing the residual atonoiser contest of the a<^6dus 
iS polymer dispersion, they do not deal with the disposal of the re- 
sidual njonomers- The latter problem is merely shifted to isnother 
lev^el, Moreover^ their use is generally aceosapanied by changes la 
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the solids content of th© aqueous polysner disperslott and a<Svssrse 
©ffeets osi the stability of the disperse phsse. 

EF-A SOS 959 relates to a process for reducing the eofttent of vi~ 

S Tsyl acetat® is aqueons pc?lyvinyl aoetafce dispersions <, According 
to the process of EP-A 505 959, the iBonoiasrie vinyl acetate still 
ressaining is hydrolyzed in a weakly alksline sisedium to giw acs~ 
tic aeid and acetaldehyde, the latter bSiing oxidizsd to acetic 
acid Ijy added hydrogeii peroxide. However, the disad'O^afttag® of 
ie this procedure is thst? owing to an additional electrolyte; Ioad# 
it adversely af f«c:ts the stability of the aqueous polyiser dis|5«r- 
sion arid causes ^snissionB of acetic acid. 

42 W 20S relates to a process far reducing the cositsnt of 
IS free yinfl acetate aisti vioyi propionate in &queoys& polymer dis- 
persions . 'th» process essentially corresponds to a cotDfeissd aise , 
of strippit3§ and hydrolysis of these snononssrs, and the disadvan-" 
tages of the aixsv-eaentioned procedures therefore also apply to 
tfee process of PS-A 42 10 208. 

20 

Dg-*A 30 Og 111 relates to a process for reducing the content of 
free acrylonitrile in aqueous poiytaex dispersions. In this proce- 
dure, additional monomers which are ch&ractieriaed by a pro»oss«c«d 
tendency toward f;re# radical eopolyifierijsatioa with acrylonltrilo 
25 are added to the aqueous polyrser diepersioft^ 8»d the free radical 
ssialn polyitisriaation reaction is continued. 

fiS-A M 34 734 , SP-A 379 852 and EP-A 327 ©OS disclose tfe«t the 

coEJtent of residual monosners in aqueous polymer dispersions can 
30 foe redxjcsd by frae radical postpoiy^erization after the end of 
the srsain polyjRsriaatioit reaction, which postpolYJaerization is 
effected by the action of particular free radical redox initiator 
systesss whiehf for various reasons, are frequently less suitable 
for the ssain polyjaeriaation. Such redox initiator sy&tBm 
3S coBjprise at least one oxidialng agent, at least one reduciaf 
agent and, if required, one or more transition inetal iom 
occurring in different valency states. The reducing agexit plays & 
key rols with regard to the postpoiysseriKation efficiency of the 
free radical redox Initiator systeffi in aqaeons polytner 
iO dispersions. 

It shoiild in particnlar be such that when it is used in s rsdox 
initiator systeis for free radical pQStpolysfterisation in aqueous 
polymsr dispsrsions 
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an effective reduction of the amount of residual sioncsrosrs is 
achieved without the stabilitj^ of the agaeous poiyjssr disper- 
siosi beiag sabstantially ijRpairedf 

S ~ ths redojE initiator system displays its advarstageoi^s effect 
also at a pa of the aqueous dispersing ssiedixja of fross > S to 
10, preferably froia 1 to 9, since the vast snajDrity of all 
agusoos polfmr dispersions are anionically stabiii2««ii 

iO - ths presence of a transition metal ion is not essential 

since the latter remain in the agueous poiyjser dispersion af~ 
tssr the and of ths postpoXymeriaatioh, 

esssntially sio discoloration of the filsss of tht© a^«oas 
15 polymer dispersion results and 

as far as possible no volatile organic secondary products are 
produced « 

2D FarticsJiariy taking into account the last~inentioned point of 
view; one rsquirement which the reducing agent has to snest is 
that it be capable of displaying its ©f fsctiveness also in com- 
bination with an inorganic oxidizing agent. Thus, organic oxidiz- 
ing agents f for example organic petoxides or hydroperoxisies , usss« 

as ally rsswlt in the formation of voiatil® organic secondary prod- 
ucts. Which: ar« undesirable both from the point of view of the 
producar of the agueous poiyn»er dispersion and froso the point Of 
view of the user of the aqueous polyaer dlBpersion Keg. 

30 

ifS-A 4 529 753, columns 3 and 4, reeoinmends reducing sufar« and 
acid derivatives th«reof> eg. ascorbic acid, and alkali saetal 
disnlfite as reducing agents suitable in free radical rsdox ini- 
tiator systems for free radical postpolpserieation in agaeous 

3S polymer dispersions, sodiaro isetabi sulfite being single:d otit a® 
being a particuiariy suitable reducing agent. 1F~B 327 OOS, page 
7, confirjRs this recosimendation in OS-A 4 S29 753 and tssesstions 
sulfoxyiateSf such as tha sodium salt of hydroxyjsethanssulf inic 
acid |RoKgalit®C)f as further correspondingly snita&le reducing 

40 agents . A redox initiator system csMt^rising Rongaiit C is also 
used in Escsatpls 1 of EP-A 379 S92 and in DB~A 33 34 734 for free 
radical postpoiyiaerization in an aqueous poIyitiBr dispersion. 

However, the disadvantage of these reducing agents rect^sas^ndsd in 
45 the prior art is that they do not fully sneet the regaireasents de- 
scribed above* 
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Thus J the siss of ascorbic acid as a redycing agent results in 
discolored films of the aqueous poiyiRer dispersloij. alkali mefcai 
meta£>xsaif it® does net suf ficieatiy effsctively redsic© the &s!OW»t 
o£ residvsal tr.onoiners, and readily volatile f ortnaldehyde is lifeer** 
S ated when hydroscysiethanesuifinic acid is used. 

lis- A 4 529 753 recoimtiends the siffitsXtaneous »se at pd$tpolp8eri2a~ 
tion and stripping with stearo, and this recoasmendatiOK tiserefore 
also has the disadvantages described above, 

IQ 

FvsrfchsrTRcsrs, it is usiially possible to achieve res idaai ssisnoaiss 
contents of 1 % fay weight or less, based on the polyraer content 
of the aqueous potyjRer dispersion, when the prior art processes 
for reducing the residyaX inoncsaer coatent of agiseous polyssar dis-^ 

15 psrsions are ased, but increasing difficulties ijt r«d«ci»g the 
residual ssonotner content are encountered below th« 1 % by weiight 
lisnit. These difficulties are presuniably due tts the faet that the 
residyal ©onotners in s.n aqaeous polymer dispersion may be present 
both on the dispersed polymer particles and in the eqpieotss dis- 

20 psrsing medium. A distribution equilibrium is established between 
these two phases. Ths disadvantage of the known ssethods for re- 
ducing the residual saonojser content of aqueoiss poXyxaer disj>er- 
sion& aispeitrs to be ba^ed on the fact th&t they cover essentially 
either only the aqueous dispersing jnediuin or only the polyrser 

25 particles J ie. a significant total rediictlon of the residual 
jROUoisser content of the aqueous polymer dispersion takes place in 
ah essentially di£fusiOnr<;ohtrolied wanner (repeated establish- 
ment of the distribution equilibriUmI , which is presusssblf the 
reason for the unsatisfactory rate of reduction of the residual 

SCS monomer content in aqueous poljnaaer dispersions when the Jtno^m 
methods are Used* 

Accordingly, QE-h 39 09 790, which relates to processes for elim- 
inating unsaturated coiiipounds capable of free radicail polymeriza- 
3S tion from agueous systesis other than aqueous polysaer dispersions, 

also gives no indication o£ an efficient reduction of th« 
residual sjonojner content of aqueous polytaer dispersions. 

The possibility of distribution over two different phases is 

40 presumably also a reason why the reduction of the residual tnono- 
355er content in aqueous polymer dispersions by the prior ®rt pro- 
cesses in the case of a residual inonomer mixture which cojaprises 
at least two srtonomers A and B which differ frost one another and 

whose difference generally alsa results in different solubilities 
4S thereof both in the aqueous dispersing jaediuHt and iu the dis~ 
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psrsed polyenes particles does not take place uniformly fssr the 
jTssidual japnomere whicft differ from one another. 

The prior applications DE-A 44 19 5 IS and m~h 44 35 423 rsecms- 
5 mni thB xtm of free jradicai redox initiator systests whieh con- 
tain the add«ct of a ketone with the bisulfite anion m reducing 
agerit fox the uniform reduction of contents of rasidaal ssononsers 
which differ from one another. However, the disadvftntage of these 
rediicing agents is that the ketone is generally liberated when 
10 they are used« Furthermore, tlvey display their action ift particu- 
lar isi csssfeiaation with organic peroxides. 

The |>rior appiication DB-A 44 35 422 recojroends the ?3S« &t asaiao- 
isilaomethanesalfinic acid (for?«amidines«l£inic acid) as s reduc- 

IS ing agent in free radical redox initiator systesKS for elimaating ' 
the residual aidnoaers in aqueous poiyioer dispersions. However ,r 
the disadvantasge of this reducing agent is its limitad aolability 
in water f ia« it must be added either as a solid cr as a very 
dilnte aqueous solution to the agueous poiymer dispersion con- 

20 tainlng the residual nsonouters. Both are diaadvantageous vheh used 
on an industrial scale. 

It is an object of the present invention to provide a process for 
reducing the residual mdsotner content of so aga«ous poiya»er dis-* 
25 peraion by -^e action of a free radical redox initiator system 
cosnprising at least one oxidizing agent and at least one reducing 
agent, which process doe?* not have the disadvantages of the known 
processes for reducirtg residual moncuner contents in a<3ueou0 poly- 
siier dispersions. 

30 

Ke have found that this object is achieved by a process for re- 
ducing the residual monomer content of an squeous polysaer disper- 
sion, in which an aqueous dispersion of a polymer which contains 
at least one monoroer, having at least one ethylenicaliy isnsata- 

35 rated groups incorporated in chemically bonded forss is produced 
in a hianner knowtt per ae, so that the total content, based on th« 
polyrosr content of the aqueous polymer diaper siorj, of monoiaars 
which are free^ is. not ehemicaliy bonded^ and have at least one 
ethyletiically uasaturated double bond is frojB > 0 to < 1 % by 

40 weight, and thia residual snononter content i» then reduced by the 
action of a free radical redox initiator systeas cossprising at 
least one oxidising agent and at least one redticing agent, where- 
in the redox initiator system contains, as reducing agent, at 
least one mercaptan which, in addition to the stasrcaptoC thiol} 

4S group, has at least otte further functional group which comprises 
St i«ast one atosR {preferably at least one atom selected froas the 
gro-ap consisting of F, O, S, S, F, CI, Br and I) other thati 



hydrogen and carbon and whose electronegatitrity is abo-ye that of 
the hydrogen &tom (cf , B, R. Chriaten, Grandlagss der aligejasinen 
ttjsd anorganisohen eheiaie, Sauerlsnder Verlag ftjraUj page 72 
|X9?3n,, with the exclnsion of thos« procegses iji which the totsl 
5 amount of jfisrcaptart is added completely to the aqaeot^g polysser 
dispersion containing rssidisal jRoaosiers bsefore the addition of 
the oxidative component of the free radical redox init later sys- 
tem. 

10 The novel process cass of course also fae used for residual sjonojser 
contents of from 19"^ to 0.5 % by weight or fxm 10"* to C?*l % by 
weight, based on the pols^aer content of the aqueous polymtt 
dispersion. 

15 Frocessss in which an oxidativei free radical initiator is added 
to an aqueous polymer dispersion which contains residual sionosaers 
and already contains added mercaptan are generally known {c£. for 
example 3 833 550 and OE-A 23 54 BBl), However^ the primary 

object of these processes is not a redaction of the residual 

2D SRonomer content but a reduction of the content of mercaptan which 
had been added during the preparation of the aqueous polymer , 
dispersion for regulating the molecular weight of the polyrasr. It 
is on the one hand this resulating action which distingBish»8 the 
reducing agents to ibe used according to the invention frots the 

IS prior art reducing agents and ensures that the reducing agents to 
ha used according to the inventioii are very probafely bo«tid in 
sparingly vojatiie form in the course of the reduction of tM 
residual monomer content. 

30 Prsf erred s^ercaptans to he used according to the invention are 
lasrcaptans selected froi« the group eonsisting of thiocarfeoHylic 
acids of 1 to 8 carbon atoms and the alkali stet&l and asrssoniusft 
salts thereof and the members which differ froiR thiocarboxylic 
acids of 1 to 8 carbon afccans and are of the general fqrsmla X 

I 

^i. SH C IW 

where R^, K^f S^j independently of one another, are each hydrogen, 
4S one of the following functional groups -OR* where R* is hydrogen 
or Ci«C4»aIkyl, -HHRS -COOR*, -SOaB^ -SOsR*, -OSOaR*, -Sa«, -SOa, 
-C?f/"SCH, -hsiide, -COSR*, -CSGR«, -COR*, -CSSt< , -CSSR*, -CiSHHJl'*, 
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-CONHR^, -COOhalide.f -CSShslid© where haiide is Clf Br or 1^ 
-OPOjHR^j "POsHR'^ and -OFOsR'^, the alkali asetal and aBSSonium salt 
thereof also being suitable in the case of acidic faacttenal 
groups,, s phssiyl radical, a bensyl radical or an alkyl radical of 
5 1 to 8 {preferably 1 to 4} carbon atoms, where on® or two 

hydrogen atoms of each of these radicals may foe replaced fey one 
of th« above functional groups and where two of tb© and«festitated 
or substitutsd aXkyl radicals may furthensore form a saturated 
ring haviag 5 or S carbon atoms f with the proviso that the 

10 cojspounds X have at least one and not nsore than three of the 
abovfesnentioned luRCtional groups in ad:ditiOR tiO the thiol gsroup, 
and St least one of the radicals R^, and B.S is an unsiibsfcituted 
or stjfostitutsd phenyl or benzyl radical or an unsubstittJted or 
sabstituted alkyl radical of 1 to 8 (preferably I to 4| carboss 

IS atpsRS, as described abov«. 

The particularly advantageous results obtained when the sbovesjen-' 
tioned reducirsg agents are used according to the invention are 
probably attributable, inter alia; to tJie t&ct that these aser- 

20 captans on the one hand have ^ certain water solubility (as a 

rule the solubility at 1 bar and 25°C is > 1 I by weight,, based on 
water? ssarcaptans to be us&d according to the invention &Ttd hav- 
ing stich solubility behavior in water ar« genaraliy preferred) ^ 
but on the other hand are alao capable of penatrating the fairly 

2$ Xipophiiic polymer particles. 

Further iadyantageoos snercaptans to be nsfed according to the ih~ 
vent ion are those such as mereaptobenssoic acid , nwsrcaptoacetic 
acid and iaaroaptoethanoX < 

30 

jartioal&rly suitable accbrding to the invention are those eoa- 
poiirids X in which additionally at least one of the radicals R^, 0 
and is hydrogen. Other preferred compoands I are those which, 
in addition to the thiol group, have only one or two of the 
3S abovementiohed fnnctipnal groups^ among which carboxyl, amino and 
sulfo ar« preferred;. 

Advantagsctas aercaptans to be used according to the invention are 
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BS — ^ CHa COOa mercaptoacetic acid, 

ifS — CEj ~— GHj — cmn 3-iRercaptopropionic acid, 
SH 

^11 COOH 2-inereaptopropionic acid, 

0 

// 

XO CHj- — C thioacstic acid, 

\ 



SH 



SH 

i 
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HOOC — CBj — CB — GQOH thiomalic acid, 

! L-cysteine 

HS — ~ CHj"^ CH — COOH propionic acid). 



HS 



CHs — CHOH ftercaptoethaijoiv 

qg^ , SOjOSa soditan S-nsereaptoetfeartesuiloiiate 



and 



15 HS GH2— CH,™ S020«a 2~mexcaptopropane~ 

At this point, it should be stated once again that the nature of 
the polymer dispersed in the aqueous laediiim plays essentially no 

30 role with regard to the success of t.h& novel processj ie« the 
tearss polpser consprises here polycondensates , such as polyesters * 
as wall as polyadducts, such as polytirethanes.. and polys^ers which 
are obtairsable by ionic or free radical polymerization of SKclti- 
siveiy asonosvers having at least one ethyieuically ansattirated 

3S double bond, and wixed variants of the stated types* All that is 
issportant here is that at least one laofiomer having at Is&st one 
©thyletiically unsaturated group is involved in the syjithssis of 
the polymer dispersed in the aqueous jaediusi, so that theee can be 
jjo problem at all with regard t.0 the rea>oval of fesidti&I tmno- 

49 ifiers. The jsethod of incorporation of the one or inors jRonojsers 
having at least one ethylenically unsaturated doable bond into 
the dispersed polymer is unimportant according to the invention. 
It ssay be effected directly by means of ionic or free radical po- 
lyHjerisatioRf fey polymer-analogous reactions or by dixeet poly- 

■as addition or polycondensation. It should also be stated that the 
terminology aqueoos poiyaser dispersion without further 
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qualification in this pijblication covers both ag«e©us primary aM 
agueoys seeondary dispersions. 

The prsparatioft of aqueous polymer dispersions of the abovsiaen- 
5 tionsd different polysner types has been descril>ed before in snany 
publications and is therefore sufficiently veil known to s person 
skilled in the art (ef • fos^ exajs^ie jgiicyclopedia of Poiysser 
Science an<3 Bnglu^ering, Vol. 8, page et s&q^ (1?87|? 
P.C. Biackley, in High PQlymer Latiees, Vol, 1, p&ge 3S et seq, 

iO {1966}; H, Warson, The Applications of Synthetic Resin Ejsulsions, 
page 246 st seq. , chapter 5 {19?2}j B. Diederich, Chemie in unss- 
rer 2elt M (1990) r 135-142? Emulsioa S»olya«ri2ation, 
Interscienc® ;FabIishers, New York (1965)? DE-A 40 03 422 &nd 
DispersioBsn synthetischer Hochpolyitierer, F, Bdischer, Springer- 

IS Vsrlag, Serlin fl969)5» 

^Sa^somers having at. least one e-thylerilcally ynsaturated group 
which are suitable for the novel process include In particular 
monomers which can fee subjected to free radical polymerisation in 

20 a simple mahnerj such as th« olefins, eg. ethylene, visylasrdiaatic 
monomers, suseh as atyrene, o-methylstyrenef o-chlorostyrane or 
vinyltoluenes, esters of vinyl elcohoi and monocarboxylie acids 
of i to IS carbon atoms, such ss vinyl acetate, vinyl propionate^ 
vinyl n-butyrate, vinyl iaorate, vinyl pivaXate aM vinyl 

S5 stegratsj and co*8»ercially available monomers V20VA* S-H {VBOVA 
X is a trade name of Shell and stands for vinyl esters of 
carboxylic acids, which are also referred to as Versatic* X 
acids), esters of o,^-irK5noethyienicaily unsaturated monO" and 
dicarfoojisylic acids of, preferably, 3 to S carbon atoms, in 

3:9 particular acrylic acid, itiethacrylic acid, maleic acid, fuHisric 
acid sad itaconic acid, with aikanols of, in general, 1 to 12, 
prefer^Xy I to 8, in particular 1 to 4, carbon atoms* «tsp«cially 
tfsethyl, sthyl, n-butyl, isobutyl, tert-butyl and 3-ethylhexyl 
acrylats and saethacrylate, dimethyl raaieate and n-batyi mleate, 

3S nitrileg <st a,p-t5>ciinoethylenicaliy unsaturated carfeoxylic acidSj, 
such as acrylonitrila, and conjugated C4~C«-diene», »»ch as 
.1,3-bufcadiene and isoprene. In the case of aqueoos polysner 
dispersions produced exclusively by the free radical aqa®otas 
sssulsion poiysaerization xnethodi. th« stated sionffltsers ar* as a rule 

40 the assin isohoiRers, which together usually account for sspxre than 
SO I by weight, based on the total amount of the rootiossers to be 
polyjsserized by the free radical aqueous esiulsion polymerisation 
method. As a ryle, these monoiners have only moderate to low 
solubility in water ander standard conditions (2S*C, 1 bm} • 



xi 

Monossers which have higher water solubility ander the abo^&men- 
tiorxed conditions are, for example, cP-monoethylanicaily 
unsaturated tnono- and dioaffboxylic acids and isasid«s thereof , eg. 
acrylic scid, aefchacrylic aeid, maleic acid? fiiroaric aeidj 
S itaconle acid, acryXamde and jnethacrylamidef and vinylsaifonic 
acid and the wa,ter-soXsble salts thereof aud N-vinyipyrroiidon®, 

in the ease of aqueous polynwr dispersions j>ro«Suced excitssi'srely 
by ths free radical aqueows emulsion polyroerizatiors method* the 
S.0 above;ne,ntioried monomers having high water solubiiity are usaally 
copoiymerised orily as s»odifying aornmers in ajaoants of less than 
50, as A rule frcro Q»5 to 20, preferably from 1 to 18, % 
weight, based on the total anrount of the jsononiers to be polytlser- 
iaed. 

IS 

Monojners which usually increase the internal strength of the 
£iljr<s of the aqueous polymer dispersions usually have at least 
one epoxy, hydroxyl, N-methylol or carbonyi group or at least tvo 
rsonconj legated ethylenically imsaturated double bonds. Sxaffiples of 

20 these are H-alkylolaaiides of a,p-inonoethylenicaliy ansattsrated 
sarboxylio acids of 3 to 10 carbon atoms and esters thereof with 
alkenols of 1 to 4 carbon atcaas, ajsong which S-mthylolacryXasiside 
and H~sn«thyIoifflethacryXaafiide are very particularly preferred, 
swnosfters having two vinyl radicals, nsonosiers having two 

35 vinylidene radicals and jtionomers having two alkenyl radicals. 
Particularly advantageoas are the diesters of dihydric alcohols 
with a^p-monoethylenieaUy unsaturated jaonocarboxyiic acids, aunong 
which acrylic and mBthacrylic acid are preferred, EKa»piee of 
sHch monosiers having two nonconjugated ethylenicaXly unsaturated 

30 double Isonds are alkylene glycol diacrylates and dimethacrylates, 
SHCh as ethylene glycol diacrylate, i,3*~butylene glycol 
diacryiate, 1, 4-^butylene glycol diacrylates and propylene glycol 
diacrylatej divinylfoenzene, vinyl jnethacrylatSj. vinyl acrylate, 
aliyl isethacrylate, allyl acrylate, diaiiyl snaleate, dialiyl 

3S fumarate, ffiefchylenebisacrylaroide, cyclopentadienyi acrylate dr 
trialiyi cyariarate. Also of particwlar i*portance in this oontext 
are tha Ci-Cg-hydroxyalkyl esters of methacrylic and acrylic acid, 
such as n~hydroxyethyi, n-bydroxypropyl or n~hydroKybiityI 
acrylate and metbacry late, and coiftpounds such as diacetonaaeryl'- 

40 assids and acetylacetoxyethyl acrylate and B^ethacrylate, tsreido- 
ethyl methacrylate and acrylainidoglycolic acid- In the case of 
aqueous polymer dispersions produced esoiusively by the free 
radical aqueous einulsion polyaerxKation method, the 
abevementioned BsonoHiers are generally cppoly?aeri8ed in assounts of 

45 frc^ G.5 to 10 % by weight, based on the total amount of the 
isonojsierg to be polymer issed. 
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ihe advantage of the uniform reduetion of the ssoncfisjesr coatetit by 
the no'^el proeess is dispiaysd in particular wheu the residusl 
m>nommru to foe eliminsted ecanprise two or jaore than two jsonojt^srs 
which differ frosn on© another and ha\'e at least one ethf l^alcslly 
5 unssturated group, ie. the use of the process proves advaxitsgeous 
vHsn three or fdtur or five or six or asore residua.1 asoncansrs vhtch 
differ £rcm one another are preseitt in the a«5sae<5us poXyiner <iis- 
gfsrsion to be treated eecording to ths invention * 

10 ?hisi is true especiall;^ when th& residual saonoioers conitained in 
the aqueous poiyassr dispersion are such that they have im^iar sol-' 
ubilities B in iOOO g of water {« nsolai solubility in water} 
which differ signif icastly from one saother under the postpoly- 
sseriaation conditions (as a rule^ these aolaSjiiHiies are essen- 

IS tiaily very sixailar to those at 2S'C and 1 bar)* 

Xf , in a residual jsonojner snixture, the residual woHosser which has 
the highest ssolai soXtsbiiity is denoted by A and the reeiduai 
»hich has the iow<est moial solabiXity Ss is denoted by B, 

20 th^ success according to the invenfcion is a;chie%'^ed essentially' 
independently of whether the ratio Sa/Sb has a value of > 1 . 1 or 

> 1.5 or > 2 or > S or > 10 or 2t 58 OJ^ ^ 3100 ^ ISOO osr 

> 100, ODQ, 

2B In other words, the success according to the invention is 

achieved as a rtJie if the residual monssmera contain at least o«« 
residual saonOHter which was assigned in the above list of possible 
residual atonon^ers to the grotsp cojnprising the monomers having 
asoderate to low solubility in water # and at least one residisal 

30 issononter which was asslg ned in the corresponding list to the group 
having high water soiubiiity. 

hn advantage of the novel process is that the reducing agents to 
be used aceordinf to the invention result in essentially no sec~ 

35 ondary products which adversely affect the ^psiity (in particular 
stsbility) ol aqueous polymer dispersions, this makes it possible 
sissultaneously to use the novel process and stripping processes 
which set high feiguiressents with riegard to stability, ie- di- 
rectly to eoupie cbewicai and physical reduction of the residual 

40 snanomer content, as reconafjended in US-A 4 529 753. Fisrthersiore ^ 
this state of affairs forms the baisis for using the novel pro-^ 
cess* for ejtan^le in contrast to eliatinatloh of the residual 
taoneaers by stripping by nseans of steaffl, withotst difficulties, 
essentially' independently of the solids volunse content f solids 

4B volume, based on the volujse of the aqueous polyiaer dispersion)* 
ie. the solids volume content stay be from 10 to 50 or from 20 to 
§S or irons 30 to 70 % fey volume, as is the ease, for exas^le, in 
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the a«|t5eoaa polymer dispersions of DE~A 42 13 965, the applic&~ 
follity at high solids volume concentrafcion (fross 50 to 70 I by 
voI«si» or highet) being of p&rtieuXar interest, 

S Another ®d%''antag® is that the novel process can be used both in 
alkaline and in acidic aqueous dispersing snedioia, ie. the range 
of «se extends from pH 1 to X2, 

The applicability at acidic pH is important ? for example, when 
10 the aqueous polymer dispersion contaiRs froja > 5 to 60 % by 
weight, based m the polyiifter, of Acrylic acid as copolyjserised 
units. If the pH of aqueous dispersions of polyisers havir^g the 
afoav'ssnentioned acrylic acid content is irtcreased, the dynamic 
viscosity thereof increases considerafoly. Swch asyueows polyjsser 
IS dispersions are therefore advantageously used as thickener dis- 
persions (cf. for example Gennajv Patents i,I$4^0Sf5f i,284,$45> 
1,258,721, i, 546,315 and 1,265, 752>. In this contestt, they are 
produced in an acidic medium with relatively low viscosity. The 
thickening effect is not achieved until the user increases the 
20 pH, This is one of the cases where the redaction in the residuial 
aonomer content is to be carried out by the sianijfacturer of the 
aqyeous polymer dispersion at a pH of the aqueous dispersing as- 
dium of less than 7 ias a rule from < 7 to 2 ) . 

2S Hox'^evsr, the novel process is preferably used at & pH of the 
aqueous dispersing niedium of frost S to 10, partic«i«rly psc«£er~ 
ably f rora 7 to Thin is advantageous for those aqueous polymer 
disjpersions whose disperse phase is stabilized by the presence of 
anionic groups. These are, for exatnple, atjueous polyjser disper- 

30 sions which are stabilised by the presence of anionic emulsifiers 
or which contain a,p«iaonoethylenicaliy unsaturated carboxylic 
acids of 3 to 6 carbon atoms, such as acrylic acid, as polysser- 
ixed units {as a rule fros« 0.1 to 5, preferably from 0.5 to ^, % 
by weight, based on the dispersed polyjfier) ia order to stabilize 

IS the disperse phase alone or ooncottiitantly, 

RstTjarkably, it is not necessary, in the cess of the novel reduc- 
tion of the residual monojaet content (even at application tetfiper- 
atures of frcKn 20 to 60*G), to use the novel redox ifoifeiator sys- 

4© tesn in the presence of a metal coiapound which is soluble in the 
aqueous reaction roedium and whose metallic component |eg. iron, 
vanadiurs or @ saixture thereof) may occur in a plurality of 
valesjcy states. However, a use in the presence of such a compound 
Is of course also possible. As a rule, the asaounts then used are 

45 frosn 0.01 to 1 % by weight, based on oxidizing or reducing agent 
{the rsspective component present in less than staichionsetric 
aiROunt) and calculated as metal compound to be added. ExasBples of 
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suitable coaipounds of this t'/pm are Iron (II) sulfafee^ iron C 13;) 
chloride, ironCII) nitrate, iren^iX) acetate the 
corresponding iron (III) salts, ajjajvaniass qx alkali metal 's'atiad&tes 
{V{V})f vanadium (III) chloride, vanadyl(V) trichloride and in 
5 particalar vanadylflV) sulfate pentaliydrate , CoiBpiexing agents 
f^g, SOTA) which Iceep the avetals in solution under the reaction 
cojsditioris are frequently also added. 

With regard to the tesnperatures to be ased in the novel reduction 

io of the resid«al monomer content, the range from 0 to 100*C, pre- 
ferably fross 2£5 to 90'C, particularly S:0 to 80*C, is recdroisnded. 
Howewr, correspondingly higher tess5>eratures ar« also possible 
under superatmospheric pressare . A sxtitabie working pressure is 
irom 2i 1 fear to IS bar. It is particitlarly advantagepvss to carry 

IB out th« novel postiiwiyitteriaatioft at above the sRiisixnujR fils! 
forfRStiosj temperature, HFT (white point temperature}, of fchs 
resuitir^g aqueoiss polyw/es dispersioa. Is the ease of acgueous 
polyiser dispersions Whose HFT i» below Q'g, the static glass tran- 
aitlon tessperature {DSC, Hsidpoint teatperature S of the dispersed 

SO polytner (cf, tJll»ann's Encyclopedia of Industrial Chemistryr VCBy 
Keinhei!t5, Vol, (1992), page 159) replaces the mft. The 
working teraperature is preferaijly at least ZS'C, particularly pre- 
ferably at least 40 *C, snore advantageously at least 60*C» vesrf 
particulsrly preferably at least 80*C, very particularly advants- 

25 geously at least lOO'C above the relevant HFT or % {this rela-^ 
tioEiship should be valid generally for postpolyineriaations J . In 
the case of polymer dispersions which have jjsore than ttne T^, the 
lowest of these values Is to be used. 

30 Its for the free radical poly«»ri«ation isethod geiiexally, the pro- 
cess according to the invention can be used both under an inert 
gas atmcsphsre (eg. Sj or Ar) and under an oxygen-contaiRing atiao- 
sphere S«g, air). 

3S The fact that the uae of the hovel prbeess astialiy gives rise to 
no disccfloration of the resulting aqueous polymer dispersions is 
also advantageous, other advantages are the excellent handling 
properties and shelf life of the reducing agents to bm used ad- 
cording to the invention. 

40 

As stated above, the novel process can be applied in particislar 
to those aqueous polymer dispersions whose dispersed polyslter is 
produced by the free radical aqueous emulsion polymerization 
fitethod frosi roonomers having at least one ethylenically uneaturat- 
4S group, with the exception of the novel eiiiaination of residual 
monojners, and all stateffients made in this publication therefore 
relate in particular to those aqueous priaiary dispersions 
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prepared by the free radical aqxteoys emulsion polfsieriEation 
aethod* The free radical, aqtieous emulsion polysaerisatiosi is 
preferably carried out by the feed asefchod, ie, the predOTinant 
ajRoUafc of the jnonomsrs to be polysnerigsd, ss a rnle ixom SO to 
S 100, prefsrably from 70 to 100, particularly preferably from 80 
to iOQf very particuXsrly advantageously fross 90 to 100 ^ % by 
weight of their total aasount, are added to the polymerisation 
vessel only at the beginning of the free radical aqueous ©jsuXsion 
poly^neriaation, aeeording to the progress of the polysaeri^ation 

10 of the monomers already present in the poiyroerigation vessel. M 
a r»le ths addition is effected by continuous feed CgsneJ^slXy 
the forja of pure mohoiner feed or preenitilsified in the aqueous 
phase)., in a manner such that at least 80s preferably at least 
SO, very particularly preferably at least 95t % by weight of the 

IS jmncmeTS already present in the polymeriatation vessel haw bees 
incorporated as polyaerized uniits. Aqueous seed polyifier disper- 
sions ssay bs present for establishing the particle siK© o£ the 
dispersed polymer particies {iff , B?~B 40419 and Encyclopedia of 
Folysjer Science and Technology, vol. 5, John Wilsiy & Sons inc. , 

20 nm York < 19661 « page 847) . 

Suitable free radical polyiseristation initiators for the m&in po- 
lymerisation reaction deseribed above are all those which are ca- 
pable of initiating a free radical agvieoxxs eiaulsion poiysseriza- 

2$ tion. fhese are bath peroxides and aso coHspounds^ However, redox 
initiator systems are of course also suitable. As a rtile^ the 
free radical initiator systejs used for the stain polyH^risation 
will differ from the free radical initiator systesn to bs «ssd ac- 
cording to the iswentlon for the postpolyjnerisatiors . Furthermore* 

30 as a rule at least 50, ittore frequently at least 75, generally at 
least 90 j % by weight Of the tnonoicers to be polytasriBed in the 
jnaln polyxnerisation are polymerized in the absence of the nowl 
reducing agent, ie, the roain polyifteriration usually cotaprises no 
novel reducing agent. The use of peroxodisuifuric acid and/or the 

3S alkali j^tal salts thereof and/or its aEBSBoniam salt as free radi- 
cal initiator is preferred for carrying out the free radical 
aquecsus essulsion polymerization particularly efficiently as the 
©ain polymerisation reaction froro the point of view of tho de- 
sired properties and with respect to high cost-efficiency. The 

40 ajssount of free radical initiator systems used is preferably frota 
0.1 to 2 % by weight, based on the total aisount of the sionomers 
to bs polyrserized. The manner in which the free radical initiator 
systsss is added to the polynterissation vessel in the cotirse of the 
fre® radical aqueoas eTHulsion main polymerisation described is of 

45 fairly roii^or importance. The initiator system may be either ccm- 
pietely initially taken in the polymerization vessel or added 
contintsously or stepwise at the rate at which it is consaassd in 
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the course of the free radical aqaeotis ejtt>alsiors poljfffierisation. 
This dspsnds spaoif ically both on the ch^ieal nature of the ini^ 
tiator systerts and on the polyaBeriea.tion temperature, is g. Ea&naesr 
known per ss ko a person sitilisd in the art. 

S 

A direct corjssqtjence of the aibo??en»entioned fact is that the total 
rangs frora Q to 100 'C is saitable as a resction temperature for 
the abovejaentioned free radical aqueous eissisieitm stain poiymeriza- 
tiorj, bat teitspsratures from 70 to lOO'C, preferably frosa SO to 
10 lOO^Cf particularly preferably from > 85 to iOO'C, are preferably 
used. 

It is possible to «se syperatjaosplieric or reduced pressure, so 
that th© poiyroerlzstiors temperatare stay also exceed lOO'C and snay 

15 be up to 130 'c or jnore. Readily volatile monojnerSf such m ethyl- 
ene> butadiene or vinyl chloride * are preferably |>oiyB»eri«sd an-, 
der supsratmospheric prsssore. It is of course possible cioncoJK- 
itantly to ^ise woleetJl&r weight regulators? such as tert-dodeeyl 
msrcaptafji, or tlis novel redtjeing agents in the free radical 

30 aqaeots^ eimalsion atain poipaeriKation. 

Disperssnts are usually present in the free radical ei^eous esfi?sl~ 
sion polyiaerization and ensure the stability of the aqaeows pply- 
jaer dispersion prbdttqed. Suitable disperisants are both the pro* 
2S tective colloids usually ysed for carrying out free radical 
aqueous esialsion polyt&erizations and emulsifiers. 

sxainples of suitable pr<jtective colloids are polyvinyl alcohols^ 
cellulose derivatives and vinylpyrrolidone-contairjin^ copcslyjsers , 

30 h detailed description of further suitable protective . colloids 
appears in Houben-"»eyi, Kethoden der organiechen Chemie* 
voiajse XIv/1, MakroiKolekulare Stof fe, Georf-Thie»«-Veri«g, Stuttr- 
gart, pages 411 to 420. Mixtures of ejRulsifiers and/or 

protective colloids can of course also be used. The disperssnt® 

$$ used are preferably exclusively e»Ui«ifiers whose relative 
saolscuiar weights, in cohtrast to the proteetiye colloids, ere 
usually below 1000. They may be anionic, cationie or nonionic. 
where asixtures of surfactants are used, the individual cossponente 
SEtist of course be ccBspatible with one another which, in caee of 

40 douSSt, can be checked on the basis of a few |>reXiainary 

sxperimsRtg ~ In general, anionic emijlslf iers are compatible with 
one another and with nonionic essulsif iers . ttm Bsm® also applies 
to a&tionie esjuisifiers, whereas anionic and cationie esnslsifiere 
are generally incoiapatible with one another. Conventional 

45 emulsifisrs are, for example, ethoxylated SRono-, di™ and 

trialkylphenols {degree of ethoxylatioHt froiB 3 to 100, alkyl 
radicals C4 to C^z) t ethoxyiated fatty alcohols Cdegree of 
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ethQxyiatioils from 3 to 100, allcyi radicals Cg to Cigl, StXid alkali 
ffletal and amisoniuffi salts of alkyi sulfates (alkyl radicals Cg to 
Ci§), of sulfuric half-esters of ethoxyXated alkanols C«5«^«e of 
ethoxyiations from 1 to 70, alkyl rgdicals Cis to Cjg) aad 
S sthojsylated alkyiphenois (degree of ethoxylations from 3 to IBOy 
alkyi radicals to Cij}, of aikaaesulfonic acids | alkyi radicals 
Cjx to Cig) snd of alkyl&rylsolfohiG acids (alkyi iradieais to 
Cjs)* Ftirther suitable emulsifiers, such as suifosuccinic esters, 
are described in HovLben-Wey I , Methodea der organischen Cheatie? 
10 Volume XlV/if Hakromolektiiaxe Stoffe, Georg-^hieme Veriag, Stutt- 
gart, lS6i, pages 192 to 208* Other surfactants iidtich hav« proven 
suitabi« aire coinpounds of the general formaift I 



where and ars each hydrogen or C^-Cj^-alkyl ar^d are not 
sisTjuitaaeausly hydrogen, and X and Y may be alkali jnstal ions 
and/or a^soniuBi ion». Xn feh« farnsula t, and are pref<6ratoly 
linear or branched alkyl of 6 to IS, in particular £f 12 or 16, 

2S carbon atows or hydrogen, and not both simultaneously bsinf 
hydrogen, t and Y are each preferably sodiasn, potassium or aswsfso- 
nium ions* soditas feeing particularly preferred, Farticuiarly 
vsntageoys compounds I are those in which X and are each so- 
dium, R'* is branched alkyl of 12 carbon atoms and is hj'drogen 

30 or Ri. Freqiuently, industrial mixtures which contain froM SO to 
90 % by weight of wonoalkylated product , for exassple Dowfax® 2Al 
(trade ssark of Uow Chemical Ccaapany), are used. The compounds I 
are used as dispersants in the novel process preferably as sweh 
and particularly preferably as a mixture with ethoxylated fatty 

35 aleohdls (degree of efchoxylationj frcsn 3 to SO, alkyl radicalt 
to Gag) . The corapounds X are generally known, for example frosR 
US-A 4<26S,?49, and are corttroeroially available. 

hB a rule, the aaiount of dispsrsant used is fr«»8 0.5 to 6^ pre^ 
40 ferabiy frests 1 to 3, % by weight, based on the jRonomers to be 
subjected to free radieal polyTrterixation. 

The aboveffientioned dispersants are of course suitable very gener- 
ally for stabilizing direct novel products of the process « gow- 
4S everj said products also consprise aqueous polymer dispersions of 
seif-®maisifying poiyniers» ie. of polyaters which have ionic 
groups which, owing to the repulsion of charges of the smus sign, 
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hava & stabillzixig action. Said products preferably effect 
anionic stabilization {in particular aniotJle dispersants ) . 

If the preparation of that aqueous poij'irier dispersion whose 
S residual raonomer content is to be reduced in the mstnuez according 
to the invent ion is carr ied out by the f xee risdical asjueoas ejaasl- 
sion poiyifserieation method fttm indnoioer cossgiositions campri&inq 
monomers having at least one ethyienicaily 'Jnsatursted grotspf 
monomer oojnpositions which are particularly isjq;>ortant witis regard 
10 to the novel process are those which comprise at least tw jBOtto— 
siers ^hich differ frcwt one another and have at least one ethyleh- 
ieally unsaturated group, and in addition contain 

fross 78 to 99*9 % by weight of ssters of acrylic and/or 

IS roethacryiic acid with alksnbls of 1 to 

12 carbon atoroa and/or gtyrene, 

or 

ao - fross 70 to 99 »9 % by weight of styrese and/or feutadiene, 
or 

£roas 70 to 99.9 % by weight of vinyl chloride and/or 

25 vinyiidene chloride. 

or 

frosi 40 to % by weight of vinyl acetate ^ vinyl 

tQ propionate and/or ethylene* 

Fartictiisrly relevant with regard to the novel process are 
itiortomer sii^ositions «hich comprise: 

3S from 0,1 to S % by weight of at least one a,|lH88>noethylenie~ 

ally unsaturated carboxylio acid o£ 3 to 6 
carbon atoms aud/or the* amide thereof 
{tadhdmers A) and 

40 frda 70 to 99.9 % by weight of esters of acrylic and/or 

siethacrylic acid with alkanols of 1 to 12 
carbon atoms and/or etyrene fBK>hpiners BJ, 
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from 0,1 to S % by weight of at ieast «,p~a}0S30«thj-ienie~ 

ally unsaturated carboxyiic acid ot 3 to 6 
CiStrbon atoms and/ox the amide thereof 
(ffianomers AJ and 

S 

from 70 to S 9. 9 % by weight cif styrehe and/os butasiien:© 
or 

10 

from 0.1 to 5 % by weight of at least one P-wonoetkylenic- 

aliy unsaturated carboxyllc acid of 3 to S 
carbon atoms and/or the amide thereof 
(monojners &} and 

from TO to 99.S I by weight of vinyl chloride and/ or sfinylidleRe 

chloride {naonomers B*)* 

or 

from 0.1 to 5 % by weight of at least om a,P~9ionoethylenlc~ 

ally unsaturated carjboxylic acid &t 3 to 6 
carbon atome and/or the antide thereof 
{8*Qn<»Rer» A) and 

25 

froa? 40 to SS.? % by weiight of vinyl acetate, vinyl propionate 

and/or ethylene {monomers B"'). 

The Rovei jjrocess is also preferable in the case of free radical 
3d aqueous eimilsion polyTnerieatioitis o£ tftohoaier comjpositions which 
comprises 

from 0.1 to 30 % by weight of acrylonitriie {preferably fro« 

0.5 to IS * by weight) and 

3S 

from 70 to 93.$ % by weight of esters of acrylic ®nd/or 

loethacrylic acid with alkanols of I to 
12 carbon atoms and/or styrene«F 

46 or 

from 0,1 to 38 % by weight of aorylonifcriie ipref&zaibif fro» 

0.5 to 15 % by weight) and 



4S frotn 70 to 99, B % 



by weight of styrene and/or butadiene ? 
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or 



irtm 0,1 to 40 % by weight of vinyl aeetat® and/or virtyi 

propionate and 

S 

from 60 to 95,9 % by weight of esters of acrylic and/or 

mefchaeryllc &.cM with alkasiols of 1 to 
12 carbori atoms and/or styrsse. 

10 However; the novel process is very particularly pre£«rsbls in tM® 
c^se of ffes radlcaX aqueous edmulsion poiynterlzations <i£ monoaiet 
cojBpositioHS which cotftprisei 

froja 0,1 to 5 % by weight of at least one a,^-jKonoethylesic:~ 

IS aii^y unsaturated carboxylie acid of 3 to 6 

carbon atoms and/or th« amide thereof t in 
particular acrylic aci<l, 

f roas d .1 to 30 % by weight of acryionitf ile (pref srably from 
go 0.5 to 15 % by *?eight} aad 

fro® to % by weight of esters of scrylio and/or 

jsethacrylio acid with alkanols of I to 
12 carbon atoms and/or styreite 

or 

from 0.1 to 5 % by weight of at least one Rj. p-jnonoethylsnic- 

al2y unsaturated carboxylic acid of 3 to € 
50 carbon atoms and/or the aiaide thereof^ in 

particalisr aerylie acid^ 

froja 0.1 to 30 % by weight of acrylonitrile | preferably froKs 

0.5 to 15 % by weight) and 

froJ» 69.9 to 99.5 % by weight of styrene and/or butadiene, 

or 

40 fros« 0,1 to 5 % by weight of at least one a* P-jnonosthylenio- 

ally ungsaturated carboxylic acid of 3 to S 
cajijon atoms and/or the ssside thereof , in 
particular acrylic acid^^ 



45 froas O.l to 40 S 



by weight of vinyl acetate and/or vinyl 
propiotiate and 
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£som to §9»9 % by weight of esters o£ acrylic and/or 

Biethaerylic acid with alkanols of 1 to 
12 carbon atosss and/or styrene. 

5 The stated rsonomer conspositions are preferably chasen so that the 
Tg values of the resulting dispersed polymsrs are b^Xow SO'^Cj pre- 
ferably below IS'Cf very particularly preferably b«Xow 0*C (down 
to -?0'C), 

IQ Ix! the case of agueous polymer dispersions which eoftfcairs residual 
mononiers and whose dispersed poiysner is produced froit! monomers 
having at least one ethylenically unsaturated group by ffe« radi* 
cal aqusous igaitilsion poiyBVetixation, the ami5««t of residsa&l mono- 
mers will as « rale reach or fall below the 1 % by weight limit, 

IS based on the total aqueous dispersion, in this free radical 

aqueous eatulsion m&in polymei^iaation itself. Where this is not , 
possible J the novel process for reducing the residual issonosvsr 
content can, ae stated above, either be vssed directly thereafter ^ 
or tha conventional prior art stethods for reducing residual mono* 

20 sser contents Biay be used initially until the abovementioRed lisiit 
is reached before continuing according to the invention in order 
to utilize the advantages of the novel process « 2n general, the 
stain poljTr<eri nation reaction and the novel step of the redaction 
Of the residaaX inonoraer contents may follow one another sssbothly. 

2S FtirtherKiore,. the novel free radical redox initiator systens ^ay 
already have been present in the main poiymeri station reaction. 

In addition to the reducing agents tcs be used acoordittg to the 

inventicn, the free radical redox initiators to be used according 
30 to the invention niay of course also comprise other reducing 

agents, swch as reducing sugars^ eg. glucose and fructose> deriv- 
atives thereof, such as ascorbic acid, or sulfinic acids,^ such as 
hydro3?yii?ethanesi3lf inic acid., or alkanesulf inic acids, such as 
isopropane sulfinic acid {or salts thereof). Freferably, however, 
3S the novel redticiag agents accottnt for mors than 50, preferably 
jRore than ?&, % by weight of the total amount of reducing agerits 
used and very particularly preferably are the sole reducing 
agent. 

40 Suitable oxidiaing cosnponents of the free radical redox initia- 
tors to be used according to the invention are, for exajspief sses- 
iacular osygen, ozone, agents which evolve oxygen with formation 
of free radicals and do not have a peroxide structure, sach as 
alkali ssetal chlorates and perchlorates, transition metal oxide 

45 compounds, such as potassiuiR permanganate, manganese dioxides and 
lead oxide ,^ as well as lead tetraacetate and iodobenxene. How- 
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ever J. peroxides^ hydroperoxides or mixtures thereof are lursfsr- 
ai>ly used. 

Hydrogen peroxide, in particular in combination with Bssrcapto- 
S efehanolf peroxodisulfuric acid and its salts, in particttlsr its 
alkali ssstai salts |ie. Sa and K), slkaii asetal perborafc^s, per- 
oxodiphosphates, tert-butyl hydroperoxide and others have proven 
advantageous . According to th« Invi&ntionj exclusively ittorganie 
oxidising agents are preferably used since, in combination with 
19 the novel redtseing agents ^ this j>er»ita subsegtsent emiseion^free 
chssnic&l dsodorizafcion. 

Oxidiaing ageiits and reducing agents siKJuld as a rule be used in 
ths nov©I process in a molar ratio of from i?l to ^hey are 

IB prefer ^Xy used in roughly equivalent asnoaats. 

In the EiOvel process * the free radical redox itsitiator systess to 
be used according to the invention can irs principle be added all 
at once to the aqueous polyaver dispersion containing thm residual 

30 jnonomers. However, the oxidising agent snay also fes added iili at 
once and then the reducing agent fed in continaously. However, it 
is also possible for the oxidiaing agent and the reducing agent 
to be added continuously in the course of a few (from 0.5 to 
preferjsbiy froia 1 to 3> hours, via sejparate feeds# to febe aqueous 

ZB polyajer dispersion to be treated. 

Of coarser the aatounts of free radical redox initiator systeas to 
be used according to the invention depend on the awounfe of resid"- 
ual monoiaers still present and on the desired d«gr«e e£ redaction 
30 of the content of said abnomers. 

M a rule, the amount to be used is front 0*01 to S» advanta^ 
qeonsly frc«5 0.1 to i, * by weight, based on the dispersed poly- 
rosr or on about 19 times the weight of the residual jBonomers. Xt 
3S is of course possible for the novel process to be followed by 
other processes for the reduction of residual aionbaer contents. 

Finally y it should be stated that the free radical redox initia- 
tor systems to be used according to the invention perasit an ef- 
40 fective redaction of the residual monoimex content in a short 
tijne. The residual monomer contents determined in the exstmples 
below are based on gas chromatographic determinations . 

It should furthermore be stated that the use of the redBClnf 
«5 agents to b® employed according to the invention f in ccsnbisiation 
with inorganic osidizing agents, gives rise to virtually no vola- 
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tiis organic secondary protiucts. This is also shown in the exam- 
ples below. 

In the test for volatile organic secondary products f i g of a 
S solution of 300 nsg o£ dioxane (statsdard) in onm kg of water was 
added to 1 g o£ each aqueous polymer dispersion treatsd according 
%o til® invention* thereafter ^ 5 |il of the aqueous polys^sr disper- 
sion diluted in this manner were introdisced into s tightly seal- 
able container having an internal volume of 22 ml and kept in the 

W closed container for 15 Biinutes at ISO'C. The gas phase of the irs- 
terior of the contiainer was th«n analyzed by gas chromatography. 
This was carried otJt by reeans of a fused silica capillary column 
SB-1 of usediujs polarity, from J s W Scientific FolsOfiJ? tISJI., In 
all exassples according to the inventioBf the content of volatile 

15 organic secondary prodacts was below the iiaiit of detection of 
5 ppm 5 parts by weighty based on the dispersion). 



EKajsplss 



2& a) An agueoas polymer dispersion which was stabilized with 0.1 % 
by weight of DowfsK 2A1 and 0.1 % by weight of sodiujj^ lauryl 
sulfate (the stated aiRount in each case is based on poXyjTsarjf 
and had a rnunber average polymer particle diamster of ISO nsn 
and whose solids content was 50 % by weight was prodisced froas 

25 & monom&r atixture having the Gon^osition 



50 % by weight of h-butyl acrylate, 
4S % by weight of styreiie, 

2 % by weight of acrylic acid and 
30 2 % by weight of methacrylic acid 



with the use of sodiusB peroxodisuifate by the isjonoiaer essejl- 
sion feed procedure at a polyiwsiciKation temfjeratore of 80'C. 

3S Gas chroRiatographic analysis of the aqueous polyaner disper- 
sion gave a residual n»ona*»er content of 7000 ppisi (weight, 
based on dispersion) of n~bvityl acryiate. 

After the pB of the aqueous dispersing wediuBi of the aqueous 
40 polysier dispersion had been brought to 7, 

3 • 10-2 5jvoX of HjOj, dissolved in 30 ml of water? and 
i»iG~2 mol of reducing agent, dissolved in 30 ^1 of 
water » 

4§ 
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-were added continwously in the course of 3 hours, beginning 
at the saiae time, to 1 kg of sacii aqueous poiyaier dispersion, 
at 60*C in separate f«edi9. 

The aqueous polymer dispersion was then investigated hf gas 
chrossatography to determine the ramaining content of free 
n-bsityi aerylate and to determine yoi&feiie organic geseorsdary 
products (including the redueing agent used) , Th« r^sstits ob- 
tained are slsown in Table 1 below, as a function of the re-» 
ducing agent issed. Table 1 additionally shows the result when 
112^2 is used alone and when the reducing agent 1* B8»d alone*. 

TfiblS 1 



Reducing agfent 


Residual n-btityl 
acrylate cofttent 
fPP») 


Voi&fcils organic 
secondary psroduots 


acid 


26% 




2 "Mer cap topr opioR ic 

acid 






Thioseetic acid 


236 




?hios!sXi« acid 


57 




l<~Cysteine 


199 


** 


|Sodiu3B 2-3»«rcapfco- 
«thssje»ul f oaate 


307 




~{Hj€^ alone} 






2 -Hsreaptoprcpiodie 
acid 

(vithovjt ^^0^i 


5055 


Hercaptopropionic acid 


Asccsble acid 


752 


nut invasti^atad 


Sodiu33s siatabisuif it« 


3449 




jEtongslit 


2311 


Formaldeisyde 



b) A 5S % strength by weight aqueous polyaser dispersion whose 
number average particle diameter was 170 nm and which had a 
rasidual styrene moncaner content of 2500 ppns^ deterssined by 
gas chrosnatography, was produced in a aianner similar to that 
described under aj , from a montsnsr misctssre having the 
coiispos i t ion 

60 % by weight of styreiie, 

38 % by weight of butadiene and 

2.0 % by weight of acrylic acid 
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(initiated hj sodium peroxadisulfate and stabilised by sseans 
of 0.8 % fey weight of sodiim laaryXsulfate phased osj poly- 

sier ) ^ o 

The procedure described under a) was tssed for redsscing the 
residual sBonoBjer content. However^ the feeds consisted of 

i '10-2 iBol of HjOj, dissolved in 30 ail of water;, aad 
2«10~2 locil of redwcing agpstnt in 30 ml of wat«E. 

The results are shown in Table 2 below. 

Table 2 



15 



HedacijiQ agent 


Ke»ichi»l Btyrene 
content 


Voi«til« 
p3rs*dBot» 


3-Herc«ptoprQpionic 
sold 


670 




Sodium stetobisuifi'te 


1953 




Rengalit 






Ascorbic iicid 


770 


not i&vttstifat«d 



c) As a comparative expeiritnent, the procedure deacrib'ed in b) 
vas followed, bvit the feeds consisted of 

l»lO-2 Hiol Of HjOj, dissolved in 30 ml of wster^ and 
l«iQ-2 sBol of fcert-dodecyl mercaptan, emulsified in 
3d ml of water. 



3© 
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The resulting xesldual styrene content was 1938 pgtm. 

Q»ln^ to the absence of volatile organic aeoondarsf products, 

no subsequent deadorisation of the resulting aqueous polyvtmr 
dispersion to eliminate these volatile secondary products is 
required When the novel j^rocess is used. 



4D 



4§ 
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1* A process for the preparation of an aqueous pOipRer disper- 
sion, in which an agueous dispersion of a polysjer which can- 
tains at least one inonosjer, having at least one ethyl^Jiically 
unsaturated groyp, incorporated in eheasieaiiy bonded form is 
produced in a manner known per se, so that the total content # 
based on the polysser content of the a<|ueou8 polysner disper- 
sionj, of monomers which are free, i&, not cheasieally boaded? 
arsd havg at least one ethylenicaliy ensaturated doufol.® bond 
is frofis > 0 to :£ 1 % by waight, and this residual sson«»5®j* 
sontsnt is then redaced by the action oS a free radical redox 
initiator system comprising at least one oxidizing agent asid 
at least one redvseifig agent, wherein the redox initiator sys- 
tem contains ; as fedacing agent at least one tsercsptan 
which f in addition to the thiol groap, has at least one fur- 
ther functional group which comprises at least one atssss other 
than hydrogen and carbon and whose electronegativity is shove 
that of the hydrogren atom, with the sxelusioh of those pro- 
cesses in which the total assount of snercaptan is added eom- 
pletely to the aqsjeous polymer dispersions containing the 
residual jnonomers before the addition of the oxidative 
o<SB!3x>n8nt of the free radical redox initiator systejs. 

2. A process as ciaiased in claits 1, wherein the residual mtiomr 
oontent to be reduced is from > 0 to < 0.5 % by weight. 

3. A process as claltried in claitn 1, wherein the residaai siionomer 
eontettt to be reduced is from > 0 to s 0. J % by weight. 

4 , A process as clai»ed in claim 1, wherein the mercaptan is a 
mercaptan selected fros? the group consisting of thiocarbox- 
yXic acids of 1 to 8 carbon atoais and the alkali raetal and 
ajjsRoniiiHi salts thereof and the mes^ers which differ frojs 
thiocarboxyllc acids of 1 to 8 carbon atoms and are of the 
forsaula I 



Rj c — SH 



R3 
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where E^f H^f a^, iadependenfeiy of one another, are «ach 
hydrogen, one of the following functional groups where r4 

is hydrsgeij or Cj~C4-alk.yl, -KHE^^ -C^JR*,. -SOsFJ, 
-OSOjS*, ~Sll<, -IJOsf ~CS, ~SCN, -halide, -<:0Sit*, -CSOS*? -COR*, 
: -CSR^, -CSSR^, -CSKHR^, -GONHR*, -COOhalide^ -CSSh&Iide where 
h&Iide is CI, Br or 1, -OPO3HII'*, -POjHR* -dm^^^, the 
alkali metal and aaanoniuBs salt thereof also being suitable in 
the sas« of acidic fanetidnal groups, a phenyl rajSicaXjr s. 
bensjrX xiadical or an alkyl radical of 1 to S carbon atorasj 
whsra one or two hydrogen atoms of each of these radicals may 
be replaced by one of the above functional groaps and where 
two of the «naubistit«ted or sufostifeuted alkyl radicals m&f 
furthertsore fonts & sat-urated ring having 5 or 6 carbon atoffis^ 
with the proviso that the mercaptans I have at least one and 
not ssore than three of the abovefflestioned functional groups 
in addition to th« thiol grotjp, and at least one of the 
radicals R^, and r' is an unsttbstituted or substituted 
phenyl or bensyl radical or an unsubstltuted or sabstitutad 
alkyl radical of i to 8 carbon atosns, as described above. 

5. A process as claimed in any of claims 1 to 4, whereia the 
mercaptan is on© selected from the gro«p consisting of 
mercaptoacetic acid, 3~mercaptopropionic acid, 2~siercapto- 
propidnie acid* thioacefcic acid, thiomalic acid, I.-<2ysteine, 
rfiercaptoethanoi* sodiiaB l-mercaptopropaneaaifonate and sodiaas 
2 -sercaptoe thanesu If onate . 

6. A proaeiss as claimed its any of claims I to 5, whsrein the so- 
lids volusie content of ths aqueoas polymer dispersion pro~ 
duced in a jnaaner known per ae is frcBa 30 to 70 % by voIbjjmS. 

7 . A process aa claimed in any of claiaia 1 to 6, wherein the 

rado5? initiator system acts at a pH of the aqueous dispersing 
ja&dium of from S to 10. 

8. A process as ciaiaed in any of claims 1 to 7, wbereis the 

dispsrsed polymer of the agueoxjs polymer dispersion produced 
in a saannsr known per ae is prepared from raonomers having at 
least one ethylenicaliy ansaturated group by the fres radical 
aqueous eisulsion poli^risation taethod, 

S« h process as claimed in claim 8, whereirs the raonosser composi- 
tion to be polymBxxzeti for the preparation of the dispersed 
polysner cojaprises at least two atonoifsers which differ from one 
another and have at least one ethylenically unsaturated 
qxonpf and in addition contains 
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from IQ to 53,9 % by weight of esters of acrylic 
methacrylic acid with alkasDls of 1 to 12 carboR atosss or 
styrene. 



S or 



frois 70 to 59.9 % by weight of styrene or batMiesjs^ 



or 

10 

froa? TO to 99,9 % fay weight M vinyl chloride ©r 
vinyli^en© chloride^ 



or 



from 40 to 99.9 % by yeight of vixsyX acefcate, ^-inyX 
propionate or ethylene. 

10, h process && clai©e<i in any of claiifis 1, to 9, 'sitiiersin th* 
20 fre® radical redox initiator Byst«et cos^riaes exclasivftly in- 
orfa:nic osiidiKing agents. 



